Aim: The relationship of Helicobacter pylori infection with periodontitis was examined. Methods: The study subjects were 686 individuals (males 504, females 182; mean age 53.8 years) who underwent a screening test for periodontitis between April 2015 and March 2018 and whose H. pylori infection status could be determined. The periodontitis test was performed by examining saliva concentrations of lactate dehydrogenase and hemoglobin (Hb), with a lactate dehydrogenase level ≥ 350 U/L and/or hemoglobin level ≥ 2 μg/mL defined as positive for periodontitis. Results: Among subjects found positive in screening for periodontitis, those classified as negative and positive for H. pylori infection, as well as post-eradicated were 81 (39.7%), 30 (14.7%), and 93 (45.6%), respectively, while those among subjects shown negative for periodontitis numbered 241 (50.0%), 52 (10.8%), and 189 (39.2%), respectively. Subjects noted as negative, positive, and post-eradicated for H. pylori infection comprised 25.2%, 36.6%, and 32.9%, respectively, of all shown positive for periodontitis. Multiple logistic regression analysis indicated that the risk for positive in the periodontitis test was higher among subjects with H. pylori infection as compared with those without, while post-eradicated status tended to reduce that risk. Repeated examinations performed following H. pylori eradication showed that the number of subjects positive for periodontitis was decreased among those who underwent successful eradication. Conclusion: Helicobacter pylori infection increases the risk for occurrence of periodontitis, which can be reduced by successful eradication.
Introduction
Periodontitis, a common low-grade chronic inflammatory disease induced by microbial agents, causes destruction of the tooth supporting apparatus, with signs and symptoms including swollen gums, deepening of gingival crevices leading to formation of periodontal pockets, bleeding on brushing, increased spacing between teeth, and loose teeth. Recent studies have indicated that periodontitis is well correlated with such disorders as obesity, metabolic syndrome, and cardiovascular disease, thus prevention and cure are considered to be critically important to avoid occurrence of systemic disease. 1, 2 In February 2013, the national health insurance system of Japan began coverage for Helicobacter pylori (H. pylori) eradication therapy to treat H. pylori-associated chronic gastritis, which is closely associated with development of atrophic gastritis and gastric cancer, 3 with a result being a rapid increase in patients undergoing eradication. H. pylori infection has also been demonstrated to induce a variety of systemic disorders, such as dyslipidemia, hyperglycemia, and several types of cardiovascular disease. [4] [5] [6] [7] [8] In addition, several investigators have reported detection of the bacterium in dental plaque and saliva samples, and also showed that periodontal pocket depth ≥ 5 mm is associated with increased odds of H. pylori seropositivity.
9-12 Therefore, the presence of H. pylori infection may worsen the degree of periodontitis, while its cure might lead to improvement. However, the effect of H. pylori eradication on periodontitis has not been examined. In this study, we investigated the relationship between H. pylori infection status and presence of periodontitis in healthy subjects who came to our medical center for an annual medical checkup.
Subjects and methods
The subjects were individuals who visited the Health Center of Shimane Environment and Health Public Corporation for a detailed medical checkup examination and were examined for periodontitis by a screening test between April 2015 and March 2018. Only those who underwent determination of H. pylori infection status by several methods were included, because the purpose of this study was to investigate the relationship between the presence of periodontitis and status of H. pylori infection. The total number of enrolled subjects was 686 (males 504, females 182) and their mean age was 53.8 years.
The concentrations of lactate dehydrogenase (LDH) and hemoglobin (Hb) in saliva were used to examine periodontal status, as those are considered to reflect the degree of destruction of periodontal tissue and grade of gingival bleeding due to periodontitis, respectively. 13 Indeed, saliva concentrations of LDH and Hb have been shown to be correlated with the degree of periodontitis determined by use of the community periodontal index (CPI) method. 13, 14 With that method, periodontal pocket probing depth is measured, then the degree of periodontitis is determined by gingival bleeding, presence of tartar, and periodontal pocket depth. However, CPI requires time, can be troublesome, and is occasionally not reliable, making it unsuitable for examinations with large numbers of subjects. [13] [14] [15] [16] For the present study, saliva was collected after fasting by asking the subjects to chew an exclusive gum for 5 min and spit as necessary into a collection cup as part of a saliva collection kit (Eiken Chemical Co. LTD., Tokyo). The concentrations of LDH and Hb in collected saliva samples were determined using automatic chemical analyzers (LDH: Labospect 008, Hitachi High-Technologies, Tokyo; Hb: Diana OC-sensor, Eiken Chemical Co. LTD, Tokyo), according to the manufacturers' instructions. A concentration of LDH ≥ 350 U/L and/or Hb ≥ 2 μg/mL was defined as positive for periodontitis, based on the criteria of the Shimane Dental Association shown in previous studies. [13] [14] [15] 17 Serum anti-H. pylori IgG antibody detection was performed using a SphereLight H. pylori antibody J kit (Wako Pure Chemical Industries, Ltd., Osaka). 18 The antibody titer was automatically measured using a chemiluminescent enzyme immunoassay method and a value ≥ 4.0 U/mL was defined as positive, according to the manufacturer's instructions. In addition, the status of H. pylori infection (negative, positive, post-eradicated) was also determined from findings of a precise medical history obtained for each subject by a trained public health nurse. Successful eradication of H. pylori was determined based on urea breath or stool antigen test results. Subjects without successful eradication were included in the group positive for H. pylori infection, even if they had undergone eradication therapy. When eradication therapy was determined to be not successful, we recommended that the subject undergo an H. pylori stool antigen test at our institution.
We analyzed the relationship between the result of periodontitis test and gastric H. pylori infection status in our study subjects. Thus, we did not investigate the presence of H. pylori in periodontal pocket in this study.
Statistical analyses were performed using chi-squared, Fisher's exact, and Mann-Whitney's U tests, as well as multiple logistic regression analysis. All calculations were performed using the Stat View 5.0 software program (Abacus Concepts Inc., Berkeley, CA, USA) for Macintosh, with differences of P < 0.05 considered to be statistically significant.
This study was performed in accordance with the Declaration of Helsinki and the protocol was approved by the ethics committee of the Shimane Environment and Health Public Corporation. Written informed consent indicating that clinical data would be used for a clinical study without release of individual information was obtained from each subject before performing the medical checkup examinations.
Results
The number of subjects positive for periodontitis test was 204, while 482 were negative. The characteristics of all subjects are shown in Table 1 . Those positive in the periodontitis test were significantly older and had higher BMI. When the relationship between positive for periodontitis and status of H. pylori infection was examined, there was a significant difference regarding infection status between subjects found to be positive and negative for periodontitis. Among subjects with positive of periodontitis, the numbers of those with negative, positive, post-eradicated H. pylori infection status were 81 (39.7%), 30 (14.7%), and 93 (45.6%), respectively, while among subjects without periodontitis, those numbers were 241 (50.0%), 52 (10.8%), and 189 (39.2%), respectively. Furthermore, when the subjects were divided into negative, positive, and post-eradicated infection status, 25.2%, 36.6%, and 32.9%, respectively, were positive for periodontitis. H. pylorinegative subjects found to have periodontitis were significantly fewer as compared with H. pylori-positive and post-eradicated subjects with periodontitis. Also, post-eradicated subjects found to have periodontitis were fewer than H. pylori-positive subjects with periodontitis, though the difference was not statistically significant.
Multiple logistic regression analysis revealed that female gender, older age, and high BMI were significant risk factors for a positive result in the periodontitis test. In addition, the risk for periodontitis in subjects with H. pylori infection tended to be higher as compared with those without H. pylori infection, while posteradicated status tended to reduce that risk ( Table 2) .
We also examined time-course changes in 150 subjects examined with a repeated periodontitis test (Table 3 ). H. pylori-negative and post-eradicated subjects found positive for periodontitis in the first test continued to be positive for periodontitis in the second examination. On the other hand, the percentage of patients with periodontitis who underwent successful eradication of H. pylori between the first and second examinations was decreased, 
Discussion
Periodontitis is recognized as an important disease, because its presence has been demonstrated to not only cause loosened teeth but also be associated with a variety of systemic disorders. 1,2 Furthermore, H. pylori infection has been reported to have correlations with several systemic disorders, such as dyslipidemia, hyperglycemia, and various types of cardiovascular disease. [4] [5] [6] [7] [8] Recently, several investigators have reported detection of H. pylori in dental plaque and periodontal pockets, [8] [9] [10] [11] thus whether eradication of H. pylori improves periodontitis has become an important issue.
In the present study, we investigated the relationship between H. pylori infection status and presence of periodontitis diagnosed by a saliva test. To our knowledge, our results firstly demonstrated that the presence of periodontitis is influenced by the status of gastric H. pylori infection. Fewer H. pylori-negative as compared with H. pylori-positive subjects had periodontitis. In addition, H. pylori-eradicated status tended to decrease the presence of periodontitis in comparison with H. pylori-positive status, and time-course investigation showed that some of our subjects positive in periodontitis testing were improved after successful eradication. Therefore, H. pylori infection in the stomach is considered to worsen the status of periodontitis, while eradication of infection will decrease the risk of periodontitis occurrence. Antibiotics use for eradication therapy may have some effects on periodontitis, even though the duration of administration is typically only 1 week. In this study, we did not examine for the presence of H. pylori in dental plaque or periodontal pockets. Nevertheless, a previous report of polymerase chain reaction findings noted that expression of the H. pylori urea gene in the oral cavity was decreased after successful eradication of gastric H. pylori infection. 19 In addition, among the present subjects with post-eradicated status at the first examination, the ratio of those positive for periodontitis test did not increase during the time period of our study. Therefore, H. pylori eradication is considered to have a favorable effect on occurrence of periodontitis. Presence of H. pylori was also demonstrated in palatine tonsil, 20, 21 and H. pylori might exist in palatine tonsil in subjects with periodontitis. Therefore, presence of H. pylori in palatine tonsil should be co-investigated when the disappearance of H. pylori in periodontal pocket after successful eradication for gastric H. pylori is clarified in future study.
The precise mechanisms of the association of occurrence of systemic disorders with presence of periodontitis and H. pylori infection have not been determined. Low-grade persistent inflammation caused by periodontitis and/or such infection has been reported to produce inflammatory cytokines, such as tumor-necrosis factor-alpha and interleukin 6, from monocytes and macrophages, which are considered to induce several different systemic disorders.
1,2,22-26 Therefore, treatments for periodontitis as well as eradication of H. pylori infection are considered to improve low grade persistent inflammation, and also have favorable effects on lipid metabolism and cardiovascular disease occurrence. Additionally, the results obtained in this study suggest that eradication of H. pylori improves lipid metabolism and lowers the risk of occurrence of related cardiovascular diseases, both directly as well as indirectly via improvement of periodontitis.
Our study has several limitations. It was not performed in a population-based manner, because the subjects were individuals who visited a medical center for a medical checkup and testing was required for diagnosis of periodontitis. In addition, the number of subjects, especially in the examination of time-course changes after eradication for H. pylori, was relatively small. Thus, our results should be confirmed by an additional large scale prospective study. We investigated the concentrations of LDH and Hb in collected saliva for diagnosis of periodontitis, while a future examination might benefit from use of other methods, such as CPI, [13] [14] [15] [16] to confirm that H. pylori eradication has a favorable effect on periodontitis.
In conclusion, our results indicate that H. pylori infection increases the risk for occurrence of periodontitis, while successful eradication may reduce that risk. H. pylori and periodontitis K Adachi et al.
